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[57] ~ ABSTRACT

A swept frequency measuring system is provided with
an electronic counter for measuring the frequency of
the sweeping signal from a sweeping signal generator,
at a predetermined point in the sweep indicated by a
marker. Upon the occurrence of a marker, the counter
starts counting the frequency of the signal while the
sweeping signal generator continues to sweep. After a
predetermined interval, the counter stops counting for a
second predetermined interval and, then, during a third
predetermined interval counts down from the count
made during the first interval. The resultant count re-
maining in the counter is an indication of the frequency
of the sweeping signal at the marker, and this count 1s
displayed in a digital display. |

8 Claims, 4 Drawing Figures
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1

APPARATUS AND METHOD FOR MEASURING
THE FREQUENCY OF A SWEEPING SIGNAL

BACKGROUND OF THE INVENTION

Swept frequency measurement systems are used to

characterize the frequency response of a variety of
electronic devices such as amplifiers, filters, attenuators
and systems using such components. A swept frequency
measurement system usually includes a sweeping signal
generator which supplies a signal that changes fre-
quency linearly with time. The signal is supplied to a
" device under test and the output of the device under test
- is displayed as either absolute or relative magnitude or
phase as a function of frequency. Since it is desirable to
have an accurately calibrated frequency axis in such a
display, a number of methods have been used in the
prior art.

The display itself may be marked with graduations,
such as a graticule on a cathode ray tube (CRT), that
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are calibrated according to frequency. This method has

the disadvantage that a change in the calibration or the
frequency range of the sweeping signal generator will
make the display uncalibrated and cannot be detected
without the aid of additional test equipment. This limi-
tation is significant because the range over which the
sweeping signal generator sweeps may be easily
changed on most commercially available generators.

A second method of providing frequency calibration
on a swept frequency measurement system display s to
use one or more CW signals which are shown simulta-
neously or alternatively on the display. These signals
“may also be used to produce markers on the display,
thus serving much the same function as a calibrated
graticule on a CRT. This method has the disadvantage
that it is still not possible to know the frequency of a
point between the markers accurately, since interpola-
tion is required.

A third method of providing frequency information
in a swept frequency measurement system involves the
use of a counter which is used to count the frequency of
the sweeping signal. In order to count the signal fre-
quency at a particular point, the sweeping of the signal
generator is stopped before the counter gate is opened.
The counter then counts the frequency of the signal at
- the marker, and after the count has been terminated the
sweep is started again. In this method it is necessary to
stop the sweep since simply counting the output signal
from the sweeping signal generator would not produce
an accurate result because the signal is continuously
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changing frequency. Such a system is described, for

~ example, in U.S. Pat. No. 3,643,126 issued to Robert R.
Hay, Feb. 15, 1972. This system has the disadvantage,
however, that it is necessary to stop the sweep of the
sweeping signal generator while the count is made, thus
disrupting the measurement and requiring extra control
lines between the counter and the sweeping signal gen-

erator.
SUMMARY OF THE INVENTION

According to the preferred embodiment of the pre-

sent invention, an up-down frequency counter 1S pro-
vided with a control circuit to activate the counter in a
manner that will allow it to’compute the frequency of a
signal at the time a marker occurs without requiring a
halt in the sweep of a sweeping signal generator supply-
ing the signal. A marker is generated by comparing the
sweep voltage from the sweeping signal generator with
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a variable reference. When the marker is generated, the
counter gate is opened and the counter starts counting
up. After a first time interval, the counter stops count-
ing and remains stopped during a second time interval
during which the sweeping signal generator continues
to sweep. Then during a third time interval, the updown
counter counts down, that is, subtracts the count made
during the third time interval from the count made
during the first time interval. When the counter has
finished countmg down during the third time interval,
the result remaining in the counter is a measure of the
frequency of the output signal from the sweeping signal
generator at the time the marker occurred. This signal 1s
then displayed in a digital dispiay.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a graph of the frequency of the output
signal from a sweeping signal generator plotted as a
function of time. | |

FIG. 2 shows a block diagram of the preferred em-

bodiment of the present invention.
FIG. 3 and FIG. 4 show more detailed schematic

diagrams of the apparatus shown in FIG. 2.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

Measuring the frequency of a CW signal is a rela-

tively simple matter using an electronic counter. A

counter counts the the number of periods of the signal
that occur during the time the counter gate is open, and
the frequency of the signal can be determined by divid-
ing the number of periods counted by the interval of
time during which the gate was open. This can be ex-
pressed as:

n=f><"r

where # is the number of periods, fis the frequency and
T is the time interval over which n was counted.

If the frequency of a signal being counted 18 not con-
stant during the time the gate is open, the resultant
count will represent the average frequency during the
time the gate was open. Thus, if the frequency of a
SIgnal is changing as shown in FIG. 1 and a counter gate |
is open between time ¢, and £, when the signal is chang-
ing from frequency f; to f;, the resultant count will
indicate the frequency f,,, the mean of frequencies f, and
5. If the frequency is changing linearly with time as
shown in FIG. 1, then frequency can be expressed as
follows: |

AD = at + b 1
where a is the slope and b is the y intercept. As men-
tioned above, the number of pulses or periods counted
between t, and t, gives the average frequency and this
number of pulses, n;;, can be computed by integrating

the frequency function over time:

@)

t, -
nip = f)ar
h ._
Ve 3)
Hyp = (at + D) dt
g
o= L B ) + b, — 1) @



o _f_measurement system however, smce the average de-
 pends upon the rate of sweep as well as the time period- - _i_'a "dlsplay--- 18 Wthh """" Inay have a ..... cathode ray tube ora:éé;_;;f;g_.;é;?f”fi'ff-:{éf S R
~ . picked; and it is difficult to place a marker onadisplay 5 T T T
e fthat w1ll correspond to the posrtlon of the average fre-;_-;;

__::_' rate of the sweeplug 51gnal generator The frequency f1

- " _between t and t, f,, by measuring another average-;f;;-;_-.;. --
o _frequency, fmz, between tnnes t3 and t4 as Shown m FIG

. "'among the varrables

S -'_'_:.where 7 is an arbltrary, Predetermlned tnne penod

e results

R _",_recalllng that at1 = -f1 and substrtutmg ln EQuatlon 9 one’-frz.;fif--i'_s;:;zi;Jff

L 'Thus the frequency fl can: be computed by countlng up.-;

' 10 """
~ at time ¢ can be computed from the average: frcquencyﬁ'f

" fl fmf—fmz

From thrs 1t follows that

-m = -nlz = n34' ST " T

"be achleved by definmg the followmg relatlonshlps

b_---o

. e =;]+ 41- --:E R T o

. ___Substttutlng these values 1n Equatlon 7 the .._followmg’ii-i%-?é;_

L ﬁnds o R S e

............
.......
HEH

| --1nverter 38 to the DM output whlch may be connected e

‘between times ¢, and t, for an interval of 37, pausing

- between t, and ¢, for an interval of 7, "and down count-

- "number of counts remammg in- the counter at #, d1v1ded;
" FIG. 2 shows a block dragram of a swept frequcncy?v:._:.___'
~ measurement system with a preferred. embodiment of -

‘the present invention connected thereto. A- sweeplng

60 .
A _and 48, These d1v1ders are connected to a reference---.Q..._E_____f_ -
“clock or ‘oscillator 50. When a hlgh 51gnal appears on

~ signal generator 10 produces an output a.c. signal which 65:*---
~ varies in frequency linearly with time. This output sig-
~ nalissupplied on a line 12 to a device under test 14, and

~ the output of the devrce under test is connected to a.

~-as mentloned above, to the z axis input of a dlsplay for -
- providing ‘a marker. Alternatively, this- signal can be

o _lng, 01' subtractlng the count made durlng the tlme from - .SUIJPIIECI to markcr ClI'CU.lt fOI' pI' OVldlﬂg d plp or VEI'tICﬁl..',' T

‘t;and ¢, for another interval of 7. The frequency fiis the . - deflection, on the dlsplay screen. The Q output of flip- e

ﬂop 36is connected to.a charn of dmders 40, 42 44, 46

~"the Q" output-of ﬂlp-ﬂpr 36, all of the dividers 40 . =
" through 48 are enabled and the sngnal from oscillator 50' T
ripples through the d1v1der stages These dividersactas -~ -
~ a timer to produce the time interval, 7, mentioned .. -~
above The length of the time 1nterval T, 18 determmed- e
f__by lmes 52 54 and 56 labeled coarse medlurn and fine
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A signal on one of these lines will gate the output from
dividers 44, 46 or 48 respectively to-an eight-state bi-

nary counter 58. The coarse, ‘medium and fine lines
determine the resolution of the frequency measurement
and may be connected to the sweeping signal generator
sweep-tlme control to change the resolution of the mea-
surement in accordance with the rate of sweep of the
sweeping signal generator. Alternatively, these lines
may be connected to a switch for selecting the resolu-
“tion of the measurement dlsplayed on the digital display
24. If only a single resolution is desired, the output of
one of the dividers 44, 46 or 48 may be connected di-
rectly to the clock input of counter 58.

Counter 58 is connected to a decoder 60 which de-
codes the eight states of the counter into eight separate
lines. Counter 58 advances each time it receives a signal
from the divider chain via gates 53, 55, 57 and 59. Deco-
cer 60 is connected to a flip-flop 62 and to a flip-flop flop 64
via gates 66 and 68. Gate 62 produces a signal UDC at
its Q output which governs the up or down count state
of up-down counter 20. Flip-flop 64 Q output produces

a signal CEN which starts and stops the up- down
counter by opening and clcsmg a gate.

When the marker pulse is generated by flip-flop 36,
counter 58 is advanced to its zero state and this pulse 1s
used as a start pulse to cause UDC to be in its up count
state and CEN in its start or enable state. After counter
58 advances three states, i.c., after three intervals each
of length 7, CEN and UDC both change state to stop
the counter and prepare it to count down. After another
time interval of length 7, the CEN again changes state
to enable the counter again for another time interval 7.
At the end of this time interval, CEN again changes
state to stop the counter. At this time a signal is supplied
from decoder 60 to a flip-flop 70 via line 72 to produce
a signal MM on flip-flop 70 output Q which 1nd1cates
the end of the measurement.

FIG. 4 shows a schematic diagram of an up-down
counter 20 connected to a display 24. Up-down counter
20 is comprised of a plurality of stages 80, 82, 84, 86 and
88. Each of the counter stages is connected to one of the
display modules 90, 92, 94, 96 and 98 in digital display
24. The CEN signal and the sweeping signal input are
connected to a gate 100 which gates the sweeping signal
to the counter modules 80, 82, 84, 86 and 88. UDC 1s
connected to the up-down count control input of each
of the counter stages and a reset line RES 1s provxded
for resetting the counter stages to zero. Signal MM is
connected to the display modules to cause the display
modules to display the counts in the counter stages
when the measurement cycle is complete.

In order to obviate the need for further processing the
final count 7, in the up-down counter, 7 is chosen so that
n,127 is in the units of frequency. Thus this final count
can be displayed directly in digital display 24, and the
decimal point is selected by the resolution setting on
line 52, 54 or 56. - '

We claim:

1. A method for measurlng the frequency of an output
signal from a sweeping signal generator at a predeter-
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mined pclnt in the sweep of the generator, the method |

comprtslng the steps of:

receiving a start signal;
counting the number of perlods of the output signal

during a first time interval in response to receipt of 65

the start signal;
stopping the counting during a second time interval

subsequent to the ﬁrst time interval; and

6 |
counting the number of* perlcds of the output signal
during a third time jinterval subsequent to the sec-
.>.ond time interval and subtracting the number of
.. periods of the output signal counted during the
" third time interval from the number of periods of
- the output signal counted during the first time inter-
val, thereby producing a measurement number of

’_?ccunts indicative of the frequency of the output
" signal at the time the start signal was received.
2. A methcd as in clalm 1 further comprising the steps
of:
receiving a sweep sugnal from the sweepmg signal
generator and | | |
comparing the sweep signal with a reference signal
and generating the start signal when the value of
the sweep signal is equal to the value of the refer-
ence signal. |
3. A method as in claim 2 wherein the second and
third time intervals are each one third the length of the
first time interval and the frequency of the output signal
at the time the start signal was received is equal to the
measurement number of counts divided by two thirds of
the length of the first time interval. B
4, An apparatus for measurlng the frequency of an
output signal from a sweeping signal generator at a
predetermined point in the sweep of the sweeping signal
generator, the apparatus comprising:
a signal input circuit for receiving the output signal
from the sweeping signal generator; |
‘start signal means for. producmg a start signal at a
predetermined point in the sweep of the sweeping
signal generator; and | |
counter means connected to the signal input circuit
and the start signal means for counting the number
“of periods of the output signal during first and third
time intervals separated by a second time interval,
and for subtracting the number of periods counted
* during the third time interval from the number of
periods counted during the first time interval, pro-
ducing thereby a number of counts indicative of the .
frequency of the output 51gnal at the time the start
signal was produced
- 5. An apparatus as in claim 4 whereln the counter
means COmMprises:

a gate circuit;
- an up-down counter hawng a signal input connected

to the gate circuit, an up-down input and an output;

a timer having an input connected to the start signal
circuit for starting the first time interval upon re-
ceipt of the start signal and an output for producing
signals representing the beginning and end of the
first, second and third time intervals; and

a control circuit having an input connected to the
timer output, a first output connected to the gate
circuit and a second output connected to the up-
down input for causing the gate circuit to open and
‘the up-down counter to count up at the beglnnmg
of the first time interval, for causing the gate circuit -
to close at the beginning of the second time interval, .
for causing the gate circuit to open and the up-
down counter to count down at the beginning of
the third time interval, and for causing the gate
circuit to close at the end of the third time interval.
‘6. An apparatus as in claim 5 wherein the start signal

means cCoOmprises:
a sweep signal input circuit for receiving a sweep
signal from the sweeping signal generator;



a reference sngnal ClI'Clllt for prowdmg a reference'i:i;..'__'_;f""'_i"itnne mterval and the frequency Of _the GUtPUt Slgﬂal at | :,5" o .

~ signal; and - © . 7 the time of the start signal is equal to the number of i o

: a comparator connected to the sweep mg"‘nal 1nput?;§5ﬁ..;f.;_; _counts in the up-down counter dmded by two thlrds of RS S
“circuit and the reference 31gnal circuit for produc-+ .  the length of the first time mterval B e S
~ing the start signal at an output thereof when the 5. ..8.-An apparatus as in claim 6 further compnsmg Q. P e T
~ sweep mgna] and the reference sngnal have a prede-.-;-? ______dtsplay circuit having an. mput connected totheup-.
“termined relatlonshtp _____ ey e - . down counter output for dlSplaylng a number mdlcatlve e

7. An apparatus as in clann 6 whereln the secend and i .;__"'Of the frequency Of the OUtP“t 31gna1 L
thlrd tnne 1ntervals are one thtrd the ]ength of the ﬁrst ..... B * . : * * P D TRRLD TR
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